SUMMARY A serological classification scheme for Neisseria gonorrhoeae was used to investigate the epidemiological associations between gonococcal serotype and other bacterial and host characters. Six hundred and fifty clinical isolates of non-penicillinase producing N gonorrhoeae from the Praed Street Clinic, St Mary's Hospital, were included in this study.
bimodal patterns of susceptibility to both penicillin and erythromycin and were obtained equally from all anatomical sites. Strains of serovar IB-2 were isolated more often from the rectum and were associated with homosexually acquired infections, whereas those of serovar IB-3 were sensitive to erythromycin and were rarely isolated from the rectum. Strains of IB-5/7 were more resistant to penicillin and erythromycin than strains of other serovars.
The serological classification of N gonorrhoeae is thus a powerful tool that may be used to study biological characteristics of the gonococcus, such as susceptibility to antimicrobials and site tropism.
Chromosomal resistance to antibiotics in Neisseria gonorrhoeae has been a continual problem since the introduction of sulphonamides as treatment in the 1 930s. Resistance to these agents emerged rapidly, and penicillin was adopted as the treatment of choice.
Decreased susceptibility to penicillin was first described by Reyn,' but was easily overcome by increased dosage. Treatment failure because of chromosomally mediated resistant Ngonorrhoeae did not appear in the United States of America until 1983,2 although such strains had been identified previously in the Far East. 3 These strains are resistant to 1 mg/l or more penicillin as a result of the cumulative effect of several distinct chromosomal mutations .4 Strains of N gonorrhoeae with similar levels of resistance have been reported from throughout the United States of America5 and the United Kingdom.67
The epidemiology of gonococcal resistance to antibiotics has been difficult to study because of the lack of a typing scheme with sufficient discrimination.
The development of a serological classification scheme using monoclonal antibodies raised to epitopes on the gonococcal outer membrane protein, PI,8 has enabled detailed epidemiological studies to be performed.9`'
We have reported previously the epidemiological associations between the auxotype, serogroup, and susceptibility to antimicrobials of non-penicillinase producing N gonorrhoeae (non-PPNG) isolated at the Praed Street Clinic, St Mary's Hospital, London. 7 We have used the serotyping scheme to extend these studies and report here the associations found between gonococcal serotype, susceptibility to antimicrobials, and site of infection and the sexual preference of the patient.
Patients, materials, and methods
BACTERIA
We used 650 non-PPNG strains isolated from patients attending the Praed Street Clinic for sexually transmitted diseases. We collected about 20 strains a month from November 1984 to August 1987. Of these, 334 were isolated from men (275 from the urethra, 59 from the rectum) and 316 from women (all from the cervix). 86
Associations between serotype and susceptibility to antibiotics ofNeisseria gonorrhoeae Male patients were designated homosexual if they had had any sexual contact with other men (111 patients).
ISOLATION AND IDENTIFICATION
We isolated all strains on GC agar base (BBL) supplemented with 1% IsoVitaleX (BBL), vancomycin (3 mg/l), colistin (1000 IU/l), trimethoprim (5 mg/l), and amphotericin (1 5 mg/l). We incubated cultures for 48 hours at 36°C in 6% carbon dioxide. Isolates were identified as N gonorrhoeae if they were oxidase positive Gram negative cocci, produced acid from glucose but not from maltose or sucrose, and failed to produce f, galactosidase. The inability to produce penicillinase was confirmed using the chromogenic cephalosporin. Nitrocefin (Oxoid). We made all further subcultures on GC agar base (Difco) with 1% IsoVitaleX and no antibiotics. We suspended the strains in 15% glycerol broth and stored them in vapour phase liquid nitrogen (-135°C) until they were required.
SUSCEPTIBILITY TESTING
We assessed the minimum inhibitory concentration (MIC) of 642 strains using the agar dilution technique described previously.' The medium used was diagnostic sensitivity test agar (DST; Oxoid) supplemented with 1% IsoVitaleX and 5% lysed horse blood (Tissue Culture Services). The antibiotics we tested were penicillin (0.008-4 mg/l), cefuroxime (0.008-1 mg/l), tetracycline (0.03-8 mg/l), erythromycin (0-015-8 mg/ 1), and spectinomycin (8-64 mg/l). We used an inoculum of 10' colony forming units (cfu) and read the end point of complete inhibition (the minimum inhibitory concentration (MIC) of each antibiotic) after incubation for 48 hours at 36°C in 6% carbon dioxide.
SEROTYPING
We used a panel of twelve monoclonal antibodies raised to epitopes on the outer membrane protein, PI, supplied by Syva, Palo Alto, USA, to classify strains of N gonorrhoeae serologically. This panel consisted of six antibodies specific for PIA and six specific for PIB mixed with Staphylococcus aureus that contained protein A. We used the antibodies in a coagglutination system as described by Knapp et al.8 We prepared bacterial suspensions from an overnight growth on GC agar base (Difco) with 1% IsoVitaleX. We subcultured all strains at least twice after recovering them from the culture collection and before testing them. Organisms were suspended in phosphate buffered saline (0. 15 mol/l), boiled for ten minutes, and allowed to cool. We mixed equal amounts of bacterial suspension and antibody on a glass slide by rotating it for two minutes exactly. The serovar was assigned using the nomenclature of Knapp et al. 8 We used the Phadebact GC monoclonal test (Pharmacia) to group strains that did not react with any of the serotyping antibodies.
AUXOTYPING
Using the defined media of Copley and Egglestone, we investigated nutritional requirements." We tested strains for their requirement for proline (pro-), arginine (arg-), hypoxanthine (hyx4), uracil (ura-), methionine (met-), and histidine (his-). In addition, we tested strains requiring arginine for their ability to utilise ornithine (orn-) as an alternative substrate.
STATISTICAL ANALYSIS
We analysed the data using the Statistical Package for Social Sciences (SPSS). Differences in the susceptibility to antibiotics of the predominant serovars were assessed using the Mann-Whitney test for significance of differences between median MICs. The X2 test was used to investigate the association between the distribution of serovars and either the site of isolation or the sexual preference of the patient.
Results
In this population we identified 41 serovars, of which 16 were IA specific and 25 were IB specific. Thirteen strains did not belong to a recognised serovar, and their pattern of agglutination (with antibodies 3C8, 1F5, 2G2, and 2H1) was subsequently designated serovar IB-3 1. A further 12 strains did not react with any of the antibodies, although one belonged to serogroup IA and 11 to serogroup IB when tested with the Phadebact GC monoclonal test (Pharmacia).
We found 20 auxotypes and 117 auxotype/serovar classes. Table 1 shows the auxotype/serovar classes represented. Fifty four auxotype/serovar classes accounted for 539 (83%) of the 650 strains (data not shown). In this study we grouped together serovars IA-1 and IA-2 as has been suggested by Knapp et al.9 Serovars IB-5 and IB-7, which differed only in their reaction with a single antibody, had similar antibiotic susceptibilities and site associations and were consequently grouped together to give sufficient numbers for further statistical analysis. Five serovars, IA-1/2, IB-1, IB-2, IB-3, and IB-5/7, encompassed 485/650 (75%) strains, and each individual serovar represented more than 5% of the total population. Figure 1 shows the distribution of susceptibility to penicillin for the five main serovars compared with that of the total population. The total population showed a bimodal distribution that was echoed by serovar IB-1 and, to a lesser extent, by serovars IB-2 and IB-3. In comparison, however, strains of serovar We found no significant differences between the degrees of median susceptibility to erythromycin for serovars IA-1/2, IB-1, IB-2 and the total population (fig 2) . Strains of serovar IB-1, however, showed a distinct bimodal distribution not seen in serovars IA-1/2 or IB-2. In contrast, strains of serovar IB-3 showed significantly (p = <0.01) higher susceptibility and those of IB-5/7 significantly (p = < 0.01) higher resistance to erythromycin. Similar differences in susceptibility to both cefuroxime and tetracycline were found (data not shown).
Strains of serovar IB-l showed bimodal distributions for both antibiotics, whereas strains of serovar IA-1/2 were sensitive and those of serovar IB-5/7 more resistant. The degree of susceptibility to spectinomycin fell within a narrow range (MIC 8-64 mg/I) for the whole population, but there were two serovar clusters that differed significantly. More strains of serovars IA-1/2, IB-I, and IB-3 were sensitive than strains of serovars IB-2 and IB-5/7 (p < 0.01). Table 2 shows that the serovars of rectal strains from men differed significantly (p < 0 001) from those of urethral strains from men and of cervical strains. were associated with heterosexually acquired infec- In accordance with our previous findings,7 the total population showed a bimodal distribution of susceptibility to penicillin. For individual serovars this pattern was seen clearly for IB-1 but less so for IB-2 and IB-3. Strains of serovar IA-1/2, however, were significantly more sensitive to penicillin, and strains of serovar IB-5/7 were significantly more resistant. Most (88/147, 60%) strains of serovar IA-1/2 required arginine, hypoxanthine, and uracil (AHU-) for growth. Strains of this auxotype have been shown to be hypersensitive to penicillin.'7 To our knowledge, this is the first report of greater resistance in strains of serovar IB-5/7, although decreased susceptibility to penicillin has been associated with strains reacting with one ofthe monoclonal antibodies (2G2) that help to define this serovar.'8 Strains of serovars IB-5/7 and IB-2 were also less susceptible to spectinomycin than strains of the other predominant serovars. Given the narrow range of susceptibility to this antibiotic, however, such differences should be treated with caution.
This association between PI serotype and the degree of susceptibility to penicillin and spectinomycin, two hydrophilic antibiotics, may reflect the influence of PI in the mode of action of these and similar antimicrobial agents. Protein I is a transmembrane porin and provides the main route ofentry into the cell for hydrophilic compounds.'920 The serovar of a strain is determined by the epitopes exposed on the surface of P1.812 Each serovar therefore represents a different combination of such epitopes. These combinations may affect the conformation ofPI, which may result in variations in the permeability of the porin. The possibility that PI serotype may affect permeability requires further investigation.
The prevalence of strains belonging to serogroups IA and IB has been reported as varying at different genital sites. Serogroup IA strains are associated with the cervix7 and with heterosexual infections, whereas strains isolated from the rectum and from homosexual men are predominantly of serogroup IB.2'1 These Woodford, Bindayna, Easmon, Ison differences may be solely epidemiological phenomena and attributable to strains circulating in relatively closed populations. It has been postulated, however, that the differences may have a biological base. The rectum is a hydrophobic environment, and gonococci must overcome these adverse conditions if they are to survive at this site. Because of this selection, gonococci causing rectal infections therefore tend to be resistant to hydrophobic molecules. 23 The mtr mutation confers resistance to a variety of hydrophobic antibiotics and dyes such as erythromycin, fusidic acid, crystal violet, and triton X-100.4 Strains carrying this mutation have an advantage for survival in the rectum and are more common in isolates from homosexual men than from heterosexual men. 23 In our population we examined the association between susceptibility to erythromycin (as a marker for resistance to hydrophobic molecules), site of isolation, and the sexual preference of the patient. Several distinct patterns were found. Strains ofserovar IB-1 showed a bimodal distribution in their susceptibility to erythromycin and were isolated equally from the three anatomical sites. This large group of strains (115/650) may have consisted of two distinct subpopulations, one of which was susceptible and one resistant to hydrophobic molecules. Strains of serovar IB-2 were more resistant to erythromycin and were more prevalent in rectal isolates and isolates from men with homosexually acquired infections. This association between strains of serovar IB-2 and homosexually acquired infection has also been recognised by other workers. 24 Conversely, strains of serovar IB-3 were rarely isolated from rectal and homosexual infections and were more susceptible to erythromycin.
These associations do appear to support the hypothesis that resistance to hydrophobic molecules is necessary for gonococcal survival in the rectum.23 Some serovars that were moderately resistant to erythromycin, however, notably IA-1/2, were rarely isolated from the rectum and were more commonly found in the cervix. Clearly there must be important factors other than simply resistance to hydrophobic molecules. The importance of epidemiological pressure related to the patterns of sexual behaviour must not be overlooked.
Serological classification is based on variations in the major outer membrane protein (MOMP), PI. This is a porin with no role in gonococcal attachment,25 and is therefore unlikely to be directly implicated in tissue tropism. The serovar classification may of course be a marker for other more relevant biological characteristics. Most serovar IA-1/2 strains isolated were of the AHU-auxotype. Associations between serotype and susceptibility to antibiotics ofNeisseria gonorrhoeae another family of MOMPs, P2, which is associated with gonococcal adherence to epithelial cells3 and therefore could be linked to site selection.
Serological typing of Ngonorrhoeae is proving to be a powerful tool not only for epidemiological work, but also, as shown here, for studying the biology of resistance to antimicrobials, tropism related to site of infection, and survival. 
